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Objective: The Beck Depression Inventory (BDI) is probably the most widely used depression scale. It has
been suggested that it contains a two-factor structure measuring cognitive-affective (i.e. psychological)
and somatic-vegetative depressive symptoms. In this study we aim to evaluate these factors by prob-
ing for their neural correlates. Methods: Neural responses evoked by emotional perception, relative to
an emotional judgment task, were measured using functional magnetic resonance imaging (fMRI) in 20
eck Depression Inventory
ajor depressive disorder

MRI
motional perception

medication-free patients with severe MDD. Psychological and somatic-vegetative symptoms were evalu-
ated with the BDI. Results: Psychological symptoms correlated with signal changes in the dorsomedial and
right ventrolateral prefrontal cortex, while somatic-vegetative symptoms correlated with signal changes
in the pre-genual anterior cingulate cortex. Conclusions: These preliminary findings demonstrate seg-
regated neural representation of psychological and somatic-vegetative symptoms of MDD in different
cortical regions. Thus, our results indicate that the two-factor structure of the BDI is related to distinct

neural correlates.

he Beck Depression Inventory (BDI) [2] is probably the most widely
sed depression scale [40]. It consists of 21 items on how the patient
as been feeling resulting in a total score which allows assessing the
everity of depressive symptoms. Due to criticisms on the original
ersion from 1961 the scale has been revised several times [4,3].
ur results are based on the German version of the BDI-II [26].

It has been suggested that the BDI contains a two-factor
tructure measuring cognitive-affective (i.e. psychological) and
omatic-vegetative (e.g. loss of appetite) depressive symptoms
41,46,44,39]. However, this view is not undisputed (see, e.g.
1,11,45]).
These factors are also clinically important because they may con-
ribute to a better categorization of the depression subtype and
hus lead to a more appropriate treatment. One way to further
valuate the two factors is to look for segregate neural represen-

Abbreviations: PV, picture viewing; PJ, picture judgment; DMPFC, dorsomedial
refrontal cortex; PACC, pre-genual anterior cingulate cortex; rVLPFC, right ventro-

ateral prefrontal cortex.
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tations of the cognitive-affective factor on one hand and for the
somatic-vegetative factor on the other hand.

Recent functional imaging studies using emotional stimuli
identified a complex network of brain regions involved in the
pathophysiology of MDD [14]. Moreover, functional imaging studies
found that the global severity of MDD assessed by the total score of
the BDI is related to altered neural processing [12,18,24]. However,
it remains unclear if the observed altered neural activation may be
related to distinct symptoms of MDD as assessed by the BDI-II.

Mayberg and co-workers developed a model of impaired
functional activity. They proposed that cognitive symptoms of
depression are related to altered neural activity in a dorsal com-
partment consisting of the medial frontal cortex, the dorsolateral
prefrontal cortex, posterior cingulate and parietal cortices. In con-
trast, somatic-vegetative symptoms are involved in altered neural
activity in a ventral compartment including the perigenual anterior
cingulate, ventral insula, hypothalamus and rostral inferior frontal
regions [28,31,29].

Based on these findings we hypothesised a differential corre-

lation of cognitive-affective and vegetative-somatic symptoms of
MDD. On an exploratory basis we aimed to probe if the cognitive-
affective symptoms are related to the dorsal compartment and the
somatic-vegetative symptoms are related to the ventral compart-
ment.

http://www.sciencedirect.com/science/journal/03043940
http://www.elsevier.com/locate/neulet
mailto:georg.northoff@medizin.uni-magdeburg.de
dx.doi.org/10.1016/j.neulet.2009.03.097
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To that end, 20 medication-free depressed patients with an acute
DD episode performed an emotional task during fMRI applying

isual emotional stimuli. The resulting changes in fMRI BOLD signal
ere correlated with the results of the psychological and somatic-

egetative factor of the BDI.
Twenty medication-free depressed patients (11 women, 9 men;

ge: 40.7 years; range: 25–62 years) with an acute severe major
epressive episode (DSM IV, APA 1994) were recruited from the

npatient Department of Psychiatry at the University of Zurich
Switzerland). Inclusion criterion was a score of at least 24 on
he 21-item Hamilton Rating Scale for Depression (HDRS) (12)
means ± S.D.: 33.12 ± 7.13). We selected a HDRS score of at least
4 as an inclusion criterion in order to ensure the investigation
f a rather homogeneous group of severely depressed patients.
he 21-item version was used since it is part of the standard-
zed psychopathological screening at the Psychiatric University
ospital Zurich. Exclusion criteria were any neurological/medical
isorder and any psychiatric disorder other than MDD. Patients
ad been free of psychotropic medication for at least 1 week prior
o scanning (9.1 ± 7.98 days; means ± S.D.). Three of the depressed
ubjects had never taken anti-depressants. One patient had to be
xcluded from the sample due to structural abnormalities in the
D T1-weighted anatomical scan. This resulted in usable fMRI data
n 19 subjects with depression. Patients showed the following
haracteristics (means ± S.D.): number of episodes: 1.8 ± 2.2; dura-
ion of current episode: 15.83 weeks ± 16.24; duration of illness:
.6 years ± 8.1. All patients completed the German version of the
DI [26] (means ± S.D.: 29.94 ± 4.93) from which the psychological
means ± S.D.: 18.81 ± 4.81) and somatic subscores (means ± S.D.:
6.06 ± 3.45) were extracted. This was done by using a two-factor
olution (psychological subscore, somatic-vegetative subscore) as
roposed by [39].

In addition to the BDI we used the HDRS for the evaluation of
he patients. The HDRS consists of a clinical rating scale whereas
he BDI-II is a self-report instrument. Thus, their combined use
llows evaluating the patients from self-reported and clinically
ated perspectives increasing the confidence in the accuracy of the
ssessment [25,43].

After a detailed explanation of the study design and any potential
isks, all subjects gave their written informed consent. The study
as approved by the Institutional Review Board of the University
f Zurich/Switzerland. The same sample has been used in previous
tudies by Grimm et al. [18,19].

Reaction times and judgments (positive/negative rating) were
nalysed in a multivariate ANOVA.

A total of 158 positive or negative pictures from the International
ffective Picture System (IAPS) [8] were presented in each case for
s. In half of the trials subjects had to view the pictures (PV) and in

he other half to judge (PJ) them. PV and PJ pictures were matched
or emotional valence and intensity.

After the presentation of each picture, a resting period fol-
owed, where a fixation cross was presented for 6–8 s (6.0, 6.5,
.0, 7.5, and 8.0 s). This allowed the subjects to recover from
motional stimulation and, in addition, served as a baseline condi-
ion to distinguish between positive and negative BOLD responses
42].

Reaction times were measured differently for the PJ and the PV
ondition. During PJ the subjects were instructed to press the but-
on under their right index finger in the case of positive judgment
nd to press the button under their left index finger in the case of
egative judgment. During PV the subjects were instructed to ran-

omly press a button as quickly as possible with their left or right

ndex finger without making any judgment.
During fMRI, the pictures were projected automatically via a for-

ard projection system onto a translucent screen placed at the foot
f the scanner [20].
etters 456 (2009) 49–53

The aim of this paper was to focus on emotional experience in
MDD patients. In order to address emotional experience during the
fMRI measurement the subjects were explicitly requested only to
passively view and not to judge the pictures during the PV con-
dition. However, due to the presentation time of 4 s it is unlikely
that we were able to completely exclude any kind of judgment.
We purposely used a rather long presentation time to allow strong
emotional experience of the stimuli. It has to be noted that such
a presentation time does not serve to look specifically for sublim-
inal implicit processing. The presentation time would need to be
shorter.

To minimize the confounding influence of cognitive processing,
such as judgment, we subtracted the emotional judgment condition
(PJ) from the passive picture viewing condition (PV). It seems likely
that this subtraction also eliminated implicit processing therefore
the resulting activation maps should be solely related to explicit
perceptual emotional processing.

The same sample has also been used in a previous study Grimm
et al. [18] which had focused on emotional judgment.

fMRI measurements were performed on a Philips Intera
3T whole-body MR unit. In order to reduce possible sus-
ceptibility artifacts functional time series were acquired with
sensitivity encoded single-shot echo-planar sequence (SENSE-
sshEPI) [37]. SENSE compared to conventional EPI has been
shown to reduce susceptibility-related image distortion and sig-
nal dropout [38]. The following acquisition parameters were
used in the fMRI protocol: TE (echo time) = 35 ms, FOV (field
of view) = 22 cm, acquisition matrix = 80 × 80, interpolated to
128 × 128, voxel size: 2.75 mm × 2.75 mm × 4 mm, SENSE accel-
eration factor R = 2.0. Using a midsaggital scout image, 32
contiguous axial slices were placed along the AC-PC plane cov-
ering the entire brain (TR = 3000 ms, � = 82◦). The first three
acquisitions were discarded due to T1 saturation effects. A
3D T1-weighted anatomical scan was obtained for structural
reference.

Image processing and statistical analyses were carried out using
MATLAB 6.5.1 and SPM2 (http://www.fil.ion.ucl.ac.uk). The images
were corrected for differences in slice acquisition time, realigned
to the first volume, corrected for motion artifacts, mean adjusted
by proportional scaling, re-sliced and normalized into standard
stereotactic space, and smoothed using a 8 mm full-width-at-half-
maximum Gaussian kernel.

The time series were high pass filtered to eliminate low fre-
quency drifts (cut-off 128 s). We analyzed our data using the
summary statistic approach in which subject-specific activations
were estimated at the first level and then passed to a second,
between-subject, level for regression on the BDI scores. The first
level analysis used a conventional linear convolution model [16].
The design matrix included regressors encoding PV, PJ and baseline.
Moreover, for each experimental run, the six parameters obtained in
the realignment procedure were included as covariates of no inter-
est in the design matrix. After the first level models were estimated,
we summarized subject-specific activations using contrasts testing
for activation in PV that was greater than PJ. These contrasts were
then passed to a second-level analysis, where we regressed the con-
trasts or activations on the two BDI scores. We tested for the effects
of either BDI score in regions showing a main effect of activation
(tested with a one-sample t-test).

Under the null hypothesis, this provides an orthogonal con-
straint on the search for correlations between activations and
BDI scores over subjects. We report our SPMs thresholded at

point 0.005 uncorrected (and k > 10). However, the results we
discuss survived a small volume or regional correction using a
sphere centered on maxima of the activation contrast above.
To quantify the effect sizes in terms of activation differences,
we plotted the BDI predictor variables and contrast or activa-

http://www.fil.ion.ucl.ac.uk/
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Fig. 1. Correlation of psychological and somatic-vegetative BDI subscores with signal changes during PV > PJ in MDD. The images show the maximum intensity projections of
correlating clusters with BDI subscores during PV > PJ and statistical parametric (T) maps overlaid on a single subject’s normalized brain (p < 0.005; uncorrected; k > 10). The
saggital view represents the right hemisphere in all images. Scatter plots show psychological and somatic-vegetative BDI subscores on x-axis and signal percent changes on
y-axis, the latter extracted for individual correlation maps shown in images for the group. “**” is used to indicate the significance of the correlation coefficient r. (a) Positive
correlation of psychological symptoms (blue curve) with the DMPFC. Left panel shows correlation in the DMPFC with coordinates [12, 50, 38; z = 3.54]. Right panel shows
correlation curves for the relationship of DMPFC % signal change and psychological/somatic-vegetative BDI subscores (**p < 0.01). (b) Positive correlation of psychological
symptoms (blue curve) with the rVLPFC. Left panel shows correlation in the rVLPFC with coordinates [48, 42, 14; z = 3.19]. Right panel shows correlation curves for the
relationship of rVLPFC % signal change and psychological/somatic-vegetative BDI subscores (**p < 0.01). (c) Negative correlation of somatic symptoms (red curve) with the
P , 10; z
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ACC. Left panel shows correlation in the PACC is shown with coordinates [−4, 38
hange and psychological/somatic-vegetative BDI subscores (**p < 0.01). (For interp
ersion of the article.)

ion responses at the maxima of the ensuing SPMs (see Fig. 1,
ight panel). Moreover, percent signal changes for the different
onditions were extracted for each subject separately using Mars-

ar (http://www.sourceforge.net/projects/marsbar). Percent signal
hanges were extracted into a scatter plot and correlated with
DI psychological and somatic subscores using Pearson correlation
nalysis (see Fig. 1, left panel). We did not perform a similar analysis
ith the subscales of the HDRS.
= 3.50]. Right panel shows correlation curves for the relationship of PACC % signal
n of the references to color in this figure legend, the reader is referred to the web

The results of the above-described analyses represent cor-
relations of BDI subscores with general emotional processing
containing the whole range of emotional valence. In order to test

if these results may be related to specific valence-processing (i.e.
negative or positive) we calculated four additional contrasts. We
divided the stimuli according to their valence into two groups
and calculated correlations for the PV > PJ contrast of each valence
with BDI psychological and somatic subscores using simple regres-

http://www.sourceforge.net/projects/marsbar
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ion analysis. Based on the results from correlations with general
motional processing we conducted a ROI-analysis using a sphere
entered on the local maxima of the rVLPFC, DMPFC and pACC. We
nly report significant activations.

The MDD patients showed longer reaction times for PJ than for
V (T = −2.57; d.f. = 1060, p = 0.010).

We found a positive correlation of psychological symptoms with
ignal changes in the DMPFC and the right VLPFC (see Fig. 1a and

for exact coordinates, images and curves). Moreover, there is
negative correlation between the somatic-vegetative symptom

omponents with signal changes in the pre-genual anterior cingu-
ate cortex (PACC) (and a small spot in the medial occipital cortex)
see Fig. 1c for exact coordinates, curves and image).

The valence-specific analyses showed the following correla-
ions: the somatic-vegetative symptoms correlated with negative
motional processing in the PACC (x = −6, y = 42, z = 4, Z = 3.02) and
he psychological symptoms correlated with negative emotional
rocessing in the rVLPFC (x = 48, y = 40, z = 12, Z = 3.19).

Our study demonstrates association of psychological and
omatic-vegetative symptoms with neural activity in different cor-
ical regions during emotion perception in medication-free severe

DD patients on an exploratory basis. The psychological symptom
omponent was associated with neural activity in the DMPFC and
he right VLPFC. The greater signal changes in the DMPFC and the
ight VLPFC during emotion perception, the stronger psychological
ymptoms were present in MDD patients. Our findings are in accor-
ance with recent studies showing abnormalities in these regions

n MDD in both resting state and emotion perception [12,24,5,7,32].
hey extend these results by demonstrating association of the
MPFC and the right VLPFC with a specific symptom component,

.e. psychological symptoms rather than somatic-vegetative symp-
oms.

In contrast, somatic-vegetative symptoms were associated with
eural activity in the PACC. The smaller signal changes in the PACC
uring emotion perception, the stronger somatic-vegetative symp-
oms were present in MDD patients. Neural activity in the PACC
as often been shown to be abnormal in MDD during both rest-

ng state and emotion perception [29,36]. Our results complement
hese observations by associating PACC activity specifically with
omatic-vegetative symptoms. Furthermore, negative correlation
f neural activity in the PACC with somatic-vegetative symptoms
ontrast with positive correlation of psychological symptoms with
eural activity in DMPFC and right VLPFC. Thus psychological and
omatic-vegetative symptoms could not only be distinguished by
ifferent correlating regions but also by the direction of their corre-

ation. Such opposite correlation patterns in relation with distinct
ymptom types are well in accordance with the limbic–cortical dys-
egulation model of MDD that postulates inverse neural activity in
entral and dorsal prefrontal cortical regions [29,36]. However, the
imbic–cortical dysregulation model also involves subcortical and
imbic structures. We did not find a correlation for these regions.

It has been shown that the subgenual part of the anterior cin-
ulate plays a central role in depression [9,27,30,17]. Moreover,
ince this region has strong connections with the lateral hypotha-
amus it is considered the most important region within the frontal
ortex for regulating autonomic function [33]. Given these obser-
ations one may expect to find a correlation between the somatic
cores of the BDI and neural activity in the subgenual anterior cin-
ulate. However, the anterior cingulate cortex has been involved
n attentional and cognitive processes that regulate emotion such
s, e.g. assessing the salience of emotional and motivational infor-

ation [6]. In contrast, our experimental paradigm focuses on the

xperiential component of emotions aiming to avoid confounds by
ognitive components (see above). Thus, the elimination of cog-
itive components from the paradigm may explain our lack of
ndings in the subgenual anterior cingulate.
etters 456 (2009) 49–53

Several studies indicated valence-specific abnormalities in
major depression (see, e.g. [13]). Therefore, it may be questioned
if the correlations with the neural signal changes in the DMPFC,
the rVLPFC, and the PACC may be valence-specific as well or rather
related to general emotional processing. Concerning the PACC, we
found that negative emotional processing showed a specific correla-
tion with somatic-vegetative symptoms. This is in accordance with
the results of [13] who found strong response to negative stimuli
in the same region. Moreover, previous studies have demonstrated
that activity in the VLPFC is correlated with the degree of nega-
tive thinking in MDD patients [24,12]. This is in accordance with
our observation of a correlation between psychological symptoms
with negative emotional processing in the VLPFC. Therefore, one
may speculate that the VLPFC and the PACC show valence-specific
correlations with the BDI subscores whereas the correlation of the
DMPFC might be related to general emotional processing.

There are some methodological issues that have to be consid-
ered.

It has to be noted that the investigated sample consisted of a
rather homogeneous group of severely depressed patients result-
ing in a limited variance of scores on psychological and somatic
BDI dimensions. This might have led to smaller effects in the cor-
relational analysis. Therefore, it cannot be excluded that a wider
range of severity of symptoms might have revealed correlations
with other cortical or subcortical areas.

Furthermore, it has to be acknowledged that the investigated
group of depressed patients consisted of a convenience sample
that may not be representative for the larger population of MDD
patients. Therefore, it cannot be excluded that the results are con-
founded by a sampling bias.

Moreover, we did not perform a confirmatory analysis to justify
the use of the two-factor solution of the BDI-II. For such a study
a much higher sample size, using different kinds of statistics, is
needed (see, e.g. [46]). In contrast, the aim of our study was to probe
on an exploratory basis if the two-factor solution may be related to
distinct neural correlates. For functional imaging studies investi-
gating the neural correlates of behavioral measures a sample size
of 19 patients is broadly accepted [14,10].

We did not explore the correlations with other factor solutions of
the BDI-II (see, e.g. [41,45]). Thus, we cannot exclude that different
solutions of the BDI-II may show equal or stronger correlations with
the neural activations during emotional processing.

In order to achieve a high level of sensitivity for detection we set
the level of significance for the covariate maps at k > 10 voxels and
p < 0.005. It has to be noted that our results are uncorrected for mul-
tiple comparisons. This is in according to other studies in the field
of affective neuroscience [21,34,35]. However, the high level of sen-
sitivity implies an increased risk of false-positive results. Therefore,
our results are presented as preliminary findings.

We employed an 8 mm full-width-at-half-maximum Gaussian
kernel to enhance the sensitivity and to reduce the effects of
anatomical discrepancies as important features in multisubject
fMRI studies of higher cognitive functions [15,22].

A possible confounding parameter in fMRI studies is the signal
drift. However, in contrast to blocked designs, event-related designs
are known to be less sensitive to the possible influence of signal drift
[23].

In order to focus on emotional experience we used PJ as a control
condition to PV. It has to be noted that PJ does not represent a typ-
ical control condition, such as, e.g. the often applied fixation cross.
Due to the explicit cognitive task, PJ may contain stronger activa-

tions than PV. Therefore, it is not possible to decide if the observed
differences between the two conditions represent activation of PV
or deactivation of PJ.

Since this paper focuses on emotional experience in MDD
patients, we only investigated the correlations of the contrast
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V > PJ. However, it would be of interest to examine correlations
ith other contrasts.

In summary, our results provide preliminary evidence for seg-
egated representation of psychological and somatic-vegetative
ymptoms in different cortical regions during emotion perception
n medication-free patients with severe MDD. This does not only
omplement recent imaging studies and the limbic–cortical dys-
egulation model of MDD in psychopathological respect but also
mphasizes the importance of employing a symptom-dimension-
ased approach in future clinical and neuroscientific examination
f MDD.
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